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WELLBORE CASING 
Cross Reference To Related Application* 

This application farm* the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
xindesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled minteirolswhe 
which ifl to be installed in a lower borehole interval tebw«^ through a previously 
installed casing of an upper borehole interval. As a c on s eq uenc e of this procedure 
10 the casing of the lower interval is of smaller 

interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuU are provided between the cra^ 
surfaces of the casings and the borehole wall to seal the casings from the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to hea^ casing handling equipment 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



in the borehole, injecting fhiidic material into the borehole, and radially exp anding 
the l in^T in the borehole by extruding the liner off of the mandreL 

According to another aspect of the present invention, a method f forming 
a weHbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already ^n^^ casing. A tubular liner and a mandrel are 
then placed into the new section of tte 

an already existing casing. A hardenable Quidic sealing material is injected into 
an «nTin1flr region between the tubular liner and the new section of the borehole . 
T*h» untiiilay region Iwitwegn the tubular finer and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandrel A non hardenable fhiidic material is then injected into the interior 
region of the tubular liner below the mandrel The tubular liner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fhiidic sealing 
material is removed from the interior of the tubular liner. The rmnaming portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandr^atubularmember^dashce. The support member mchidesafkrt fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to tte The shoe is coupled 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, at 

The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mgnrWl m iwiiplpH * H« imppnrt member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a nw^ 

10 of the second tubular member. A portion of an interior region of the second 
tubular member la pr e ssuri sed and the second tabular member is extruded off of 
th e mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 

15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that i nclu des a tubular liner and an annular body of a cured fhiidic 
sealing material. The tubular liner is formed by the process of extruding the 

20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-bade liner for 
lining an existing wpBflfrftrfr rnff*ng is jpm^^ that far*™**** * tubular ifagr »nd an 
annular bo4y of cured fliridic sealing material* The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 

25 cured fhiidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel inchides 

30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drfllable. 
The tubular member is coupled to the mandreL The shoe is coupled to the tubular 
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member. The shoe includes a third fluid passage operabhr coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
ttie shoe is (billable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-fiectioiial view illustrating the drilling of a new 

section of a weU borehole. 

FIG, 2 fa a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG . 3 U a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardei^ 
well borehole. 

nG. 3a is another fragmentary ctosm^ 
of a first quantity of a hardenable iluidic sealing material into the new section of 

15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 

well borehole. 

FIG.Sisafragnimtarycross*^ 

20 a portion of the cured harden^ 
the well borehole. 

FIG. 6 fa a cross-sectional view of an embodiment of the overlapping Joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

PIG, 8 is ■ *T g™™**"y mi«u«eetk>nal illustration of the p lacement of an 
expanded tubular member within another tubular member. 

FIG. 9 fa a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9b fa another cross-sectional illustration of the apparatus of BIG. 9. 
FIG. 9c fa another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a eras-sectional illustration of a wellbore iwrfmffr g a pair of 
adjacent overlapping casings. 

FIG. 10b as a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an espandible t rrtm lp* member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fhridic sealing 
material into the annular region between the tubular member and the existing 
casing 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandreL 
10 HO. lOe is a cross-sectional illustration of the extrusion of the tubular 
member off of the mandrel. 

FIG. lOfisacross-sectionalfllnstrato 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 

16 created using an expendible *"h^l « r T^^KffT , 

FIG. 11a is a fragmentary cross-sectional view illustrating the dril^ 
new section of a well borehole. 

FIG, lib ia a frngmen tary erogs-seetfonal view ilhigtmtmg th* plm^mrot of 
an embodiment of an app ara tus for hangingatubular liner within the new section 
20 of the well borehole. 

FIG. 11c is a fragmentary CTOSfrssciiopd 
a first quantity rf a hardenable flnldic ^f^ngmntffrinl into the new coction of the 
well borehole. 

FIG. lid is afiragmentary cross-sectional view illustrating the introduction 
25 ofawiper dart into the new section of the well borehole. 

FIQ lln in n fragmentary rrorwi sectional view nhialialiim Lbu lijiiaiuii of 
a second quantity of a harden able flnldic sealing material into the new section of 
the well borehole. 

FIG. lifts a fragmentary cross-section^ 
30 of the tubular liner. 
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Detailed Description of the IPuslrative Embodiments 
An apparatus and method for fanning a wellbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 

5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tabular member. The apparatus and method farther permits atfcacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 

10 member to be supported by an existing tubular member by ftipanriftig the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method ftirther minimises the reduction in the hole sire of the 
wellbore casing necessitated by the addition of new Bections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be cheated by extrudingatubular member off 

and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular member 
in the wellbore to be joined using an overlapping joint that ^ 
20 gas passage. The apparatus and method furto 

to be supported by an existing tubular member by expending the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus » composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
Tn tMft T" in thi* event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular 

attached to an existing section of casing The apparatus and method further have 
application to the joining of tubular members in general. 



Referring initially to Figs. 1-6, an embodiment of an apparatus and method 
for forming a wellbore caring within a subterranean formation will now be 
described. As illustrated in Fig. l,aweUbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an coasting cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120 . 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Kg. 2, an apparatus 200 for forming a wellbore casing in 
10 aaubterraneantoinatkm 

100. The apparatus 200 pr*fer»hly ftvhwW n j^twUKU iwhHte! OT pjg 205, a 
tubular member 210, a shoe 215, a lower eup eeal 220, an upper cup seal 225, a 
fluid passage 230, a fhiM passage 2S3, a fhiM passage 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially ftwrflnMA expandable ™»™^h>18 modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool as 
disclosed in US. Patent No* 6,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Tie tubular member 210 is 8u^ The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 18 chromium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tabular member 210 is 
30 fabricated fromOCTGin order to inaximise strength after expand The inner 
and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 



embodiment, the inner and outer diameters ofthe tubular member 210 range 
about 3 to 15.5 and 3£ to 16 inches, respectively in order to optimally 
provid e minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 To a preferred emb o diment , the end portion 260 of the tubular member 210 
iaslotted^perfomted^^ 

w hen it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimise the 
possibility of buckling For typical tubular member 210 materials, the length of 
10 the tubular member 210 is p 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 example, Super Seain float shoe, Super Sed 

with a sealing sleeve for a latch down prog modified in accordance with the 
teaching s of the present disclosure. la a preferred embodiment, the shoe 216 
comprises an ahixninum down-jet guide shoe with a sealing sleeve for a latch-down 
plug av ailable from Halliburton Energy Services in Dallas, TX, modified in 

20 accorfaiiCT' with t>»« touting* of the prment disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 in a preferred embodiment 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injecta hardenable fluidic SfrallngTnaterial into the 
region outside the shoe 216 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 
30 receive a dart and/or a ball BeaHng member. In this mflTmer, the fluid passage 240 
can be optixnally sealed 
into the fluid passage 280. 
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The Lower cap real 220 is coupled to and supported by the support member 
250. The lower cup eeal 220 prevents foreign materials from entering the interior 
region of the tnK»lftr member *i n B'flfwyM the p*i»nHnMg mandrel 205- The 
lower cup eeal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(CTP) ww»ft~< hi ttfrorfanfit ^fth ft 1 * *»™*tnE* nfdw r T ^ ftmt A****™"** In 
n prefaa red einbodiment, the lower cup aeal 220 eompriaaaaSIP cop seal, available 
from Halliburton Energy to 
material and contain a body of lubricant 
10 Hie upper cupaeal 225 is coupled to end supported by the support member 
250. The upper cup eeal 225 prevents foirtg^ 

region of the tubular member 210. The upper cup eeal 225 may comprise any 
number of conventional commercially available cup seals such as, fbr example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup eeal 225 comprises a SIP 
cup, available ftom Halliburton En^^ 

block the entry of foreign materials and contain a body of lubricant. 

The flnid passage 230 permits fluidic materials to be transported to and 
from the interior region of thetubulermember 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to end positioned within the support 
member 260 end the expandable mandrd 206. The fluid passage 230 preferabry 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 is pirferably positioned alonga centerline of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing running mode of 
operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
pgj jp order to ™iiimig» ™> th* tubular bumg ran and to minimize 

surge pressures exerted on the weDbore vriiichcouU cause a loss of wdlbore fluids 

30 and lea d to h o le coll a pse. 

The fluid passage 235 permits ffnidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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now section 130 of the wellbore 100, fluidic mntrriala 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby Tnrnimi7ing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure acthratedm The 
fluid pflfflPg* in prgfarably poaitiDned substantially orthogonal to the rwitarii n* 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materi als at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 pd in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimi™ surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. "The fluid passage 240 preferably has a crose-sectional 
shape that permits a plug, or otter similar device, tobe placed in fluid passage 240 
to thereby block farther passage of fluidic materials. In this manner , the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubulaxmember 2 10. This permits 
25 the interior region of the tabular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
al ong the center line of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such aa 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 galltms/minute and 0 to 9,000 psi in order to oirtimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball aealing member. 
In this manner, the fluid passage 240 can be sealed offt^ introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Theeeala 246 are ftartlierimttianedonanouter8urfaoe265 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to be fluidicjy sealed. The seals 245 may comprise 
any number of conventional commercially available seals such aa, for example, 
10 lead, rubber, Teflon, or epoxy seals modified in accordance with the teachings of 
the present disclosure. In apreferred embodiment, the seals 246 are molded from 

Stratalodt CpOiy SVmlwMg from WnflfHnrinin Energy Sgfricee in DflllAfl, TX in rwriar 

to optimally provide a load beazingintaftroce fit between the end 260 of the 
tubular member 210 and the end 270 ofthe existing casing 115. 

15 In a preferred embodiment, the seala 245 are selected to optimal^ provide 

a sufficient fHctional force to support the expanded tubular mernber 210 from the 
existing casing 115. In a preferred embodiment, the firictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 M in order to 
optimally support the expanded tubular member 210. 

20 Tlie support member 250 iscoupledtoftef^ivlahle mandrel 205 f tubuto 
member 210, shoe 215, and seals 220 and 226. The support member 250 
preferably *fmi*r%p*$ m ammlar ^yfgpbfT hftpfag sufficient strength *** **rry th« 
apparatus 200 into the new section ISO of the weHbore 100. In a preferred 
embodiment, the support member 250 further includes one or more conventional 

25 centralizers (not fltastrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In thin mmmer, the extrusion ofthe tabular member 210 off 
ofthe expandable mandrel 205 ia facilitated. The lubricant 275 may comprise any 

30 number of conventional commercially available lubricants such aa, for example, 
Lubriplata, chlorine based lubricants, oil based lubricants or Climax 1500 Antisiese 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3100) avaOabl from n*™** T -»>nnwmtft Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
thm poitiehflitv of foTtrfgn material clogging the variougflow passages and 
valves of the apparatus 200. 

In a preferred embodiment, be^ 
10 within the iiew section 130 of th^ 

circulated In order to ensure that no foreign materials are located within the 
wellbore 100 that might dog up the various flow passages and valves of the 
apparatii82(X) and to ensure that no ftMnetgnm 
process* 

15 As illustrated in Fig. 3,t]Mnuidpas8a^2S5i8theiiclo8edaiidahardenable 

fluidic sealing material 306 is then pumped from a surface location hto the fluid 
passage2S0. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 206. 
The material 305 then passes from the mteriorregkm 310 mto the fhiid passage 
20 240. The material 306 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 
26 pressures and flow rates ranging, for example, from about 0 to 5000 pai and 0 to 
1,500 gallona/mm, respectiTely. The optimum flow rate and operating pressures 
vary as a function of the rm"t and wellbore sixes, wellbore Bection length, 
available pumping eonipment, and fluid properties of the fluidic material being 
pumped The optinmmflow rate and operating p 
30 using co nv en t io n a l empirical methods. 

The haxdenable fhudic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example,, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenahle fhridic sealing material 805 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 

Services in Pallia, TX in anter to provide optimal ttuppor* far tnh™ Vr th**™*^,- 2 10 
5 whikal^ TOmTltjiniTig nptiTmmi flnwphmrfgktiM an mmimiy o diflfimltiefi 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods* 

The annular region 316 preferably is filled with the material 805 in 

10 sufficient quantities to enema that, upon radial expansion of the tabular member 
210 f the aimular region 315 of the 
with material 805. 

In a particularly preferred embodimnnt, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tabular member 210 U i^uc^d in the 

16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with ti^ clearances. Furthermore, in 
this manner, the initiation of the radial <wp««?^ of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 316 has been adequately 

20 filled with material 305, a ptog 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 
annular region 316. in * nT*r#rr*A embodiment, a non-hardenable fluidic tnftfjttj pi 
306 ia then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior of the expanded tubular member 210 will 

25 not contain significant amounts of cored material 305. Ibis reduces and simplifies 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurised, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 

30 process, the expandable mandrel 206 may be raised out of the expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at appruiiiaater/ the same rate as the tubular 
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member 210 is expanded in aider to keep the tabular member 210 stationary 
relative to the new wellbore section 130. fa an alternative preferred embodime nt, 
thftCTtrvfrT rr ~~ ff °i«~™™n»n«H»H with the tabular meinber 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 

5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 406 is preferably placed into the fluid passage 240 by mtroduting 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phig 405 preferably acts to fluidicly isolate the liardeiiable fluklic 

10 sealing material 305 from the non bardanable fluidk material 306. 

The prog 405 may comprise any number of con v e n tional commercially 
available devices from phjggingafh^ 
(Center (MSC)laiebrdown ptag, Omega lat^ 

down plug modifiedmaccordance with t^ » 
15 a preferred embodiment, the plu^ 

from Halliburton. Energy Services in Dallaa, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic ™«*«ri«i 306 i« preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 pai and 30 
20 to 4,000 gallons/min. In this manner, the amount of bardenable Auidie sealing 
material within the interior 310 of the tubular member 2 10 is minimized. Ins 
profrrrH f^W*"™*. altar plaeement of the plug 405 in the fluid passage 240, 
the non bardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates rangingfrom approximately 500 to 9,000 |ri and 40 to 
25 3,000 gaUonsfain In order to meadmise the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to mmhnise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 805, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the mner diameter of the t^ 

thickness of the tubular nuanber210, tbe^of lubricant, and theyields 

of the tubular member 210. In general, the thicker the wall thktoess, the smaller 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the opei*ting press ur es wpiiral to extrude the tubular member 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 210 
S off of the expandable mandrel will begin whan the pressure of the interior region 
310 reaches, for example, approximately 600 to 9,000 pel 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 6 ft/sec InapKefiBRedembodfcnexu% 
10 process, ttwr fTf™*«frfr mandrel mm* — mt of the **pamAmA portion nfthn 
tubular member 210 at rates 
the time required fbr the expansion process while alw 

When the end portion 260 of the tulmlar member 210 is extruded off of the 
15 f^rp^^y Mft mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 ofthe casing 115 to farm an fluid tight overlappiiig joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 psL In a preferred emb<xiim 
20 joint ranges from appnnrfmatejy 400 to 10,000 pd in order to provide optimum 
pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 265 ofthe expanded tubule 
26 and fh ii d ic s e a l In a particularly preferred embodiment, the sealing members 245 
optimal^ provide a fluidk and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate ofthe nan 
hardenahlefhiidic material 306 Is controllahly ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion ofthe 
tubular member 210 off of the expandable mandrel 205 can be minimised In a 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during 

when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock ab sorber is provided in the support 
member 250 in order to absorb the sho<± caused by the sudden release of pressure^ 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the weDbore 100. In a pr efer re d e m bod iment , either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 2 10 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the ftuidic seal of the overlapping joint between the upper portion 260 of 
the tubular member210and 
thenanyuncuredportion of the materia 
20 210 is then removed ma conventional inamwsuA 

uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drfflmt or null is 
used in combination with a conventional drilling assemMy 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5 t preferably any ramaming cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional jry^nmr using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 
30 annular layer515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 216 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as ill^^ 
of the tabular member 210 jnf^^*^ one or more sealing members 605 and one or 
more pressure relief boles 610. In thia maimer, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment* the sealing 
10 members 605 are bonded or nx)lded<mto the outer 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures require 

the tubular member 210, Thia reduction in required opera ti n g pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in turn minimises the mechanical shock to the 
entire apparatus 200 urxm the completion of the extrusion process. 

Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a weUboce preferably includes an 
20 expandable mandrel or pig 705 9 an expandable mandrel or pig c ont ain er 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid passage 735, a fluid passage 740, a support member 745, a body of lubricant 
750, an overshot connection 756, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 ia coupled to and supported by the support 
member 745. The expandable mandrel 705 is farther coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllabiy expand in a radial direction. The expandable mandrel 705 may 
co in priso soy comber of con y ep faop al comm spcisfl^f a>va flsib le expendable x pp^t^^ ^i^ 

30 modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in US. Pat No. 6,348,095, the contents of which are 
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incorporated herein fry re fe rence, m"*™** * fa frenrdftiice with the tasrhtng B of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
su c h *\ f/Tr f»nnipK Oilfield flnmnfay TiiKtibir Goods, stainless steel, tituninin or 
high strength steels. In a pr e fe rred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 
10 material from whkh the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than, the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the wdlbore . 
In a preferred embodiment, once the expansion process begins, and the 
15 thicker, lower strength material of the tubular member 715 is e xp a nded , the 
outside diameter of the tabular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 7 15 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 
25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly p r e f e r red embodiment, the tubular 
member 715 has a substantially circular fmnnlar cross-section. 

The tubular member 716 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 615. The upper section 805 of the 
30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 70S and ending at the bottom 825 of the 
5 tubular member 716. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 in greater than the wall thkkneggea of th^ inter mediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliate the initiation of thee 
10 700 to be potitkmed in locations in the weOb^ 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 716 may range, for exampk,fitimabc^L05to48iiicheaandl/B 
to 2 inches, respectively. In a preferred rnnhodimen^ the outer diame 
thickneaa of the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 716 may range, for example, from about 2.6 to 50 inches and 1A6 
to 1 J5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.6 to 19 inches and 1/B to L25 Inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, fbr example, from alxnit 2^ to 50 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 178 to 1.25 inches, respectively. In a particularly 
p re fe rre d embodiment, the wafl thickne aa of the tower ee 
member 715 is farther increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. In 
30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or stow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a p re fe rred embodiment, the 
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length of the tubular member 71 fi limited p\ minimise the possibility ofbuckling 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 farther indudea an inlet passage 830, and one or more 
jet ports 835. In a particularly prefer red embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other simflar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a bodfr of golld material 840 for increasing the strength of the 
shoe 720. In a particularly p re fer red embodiment, the body of solid material 840 
comprises ahuninuin* 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises anahuninom down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TK, modified in 
accordance with the teachings of the present disclosure, in order to optimise 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 715 and an enstm 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 705. The lower 
cup seal 725 may comprise airy number of conve ntional comme rdalfr available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup Beal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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nia upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup s ga l 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for example. TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present disclosure In a preferred embodiment, the upper cup seal 
730 comprises a SIP rap a vaflabk 

in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits fluidic materials to be transported to and 

10 from the interior region of the tubular member 715 below the expandable mandrel 
705. Tlefhiid passage 735 is fhxididyc The fluid 

passage 736 is preferabjy coupled to and positioned within the support member 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 

15 to the surface to the bottom Of thfi frpnHflb l* mAnrirri 705, The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud car 
epoxies at flow rates and pressures ranging from about 40 to 3,000 galkms/m i nn te 
and 500 to 9,000 pei in order to provide sufficient operating prefigures to extrude 

20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Hga. 1-6, during placement of the 
apparatus 700 within a new section of a weHbuxe. fluidic materials forced up the 
fluid passage 735 can be released into ttaweflbore above the tabular member 715. 
In a preferred embodiment, the apparatus 700 ftirther includes a pressure release 

25 passage that is coupled to and positioned within the support member 260 . The 
pressure release pasiage is furtto The 
pressure release passage preferably includes a control valve for controllably 
opening and dosing th e fluid passage In a preferred embodiment, the control 
valve is pressure activated in order to caatroDabfr mimmiie surge pressures. The 

30 pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new eection 
of a wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidk materials to be transported to and 

5 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic co mmunicati on 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed m the inlet 880 of to 

10 to thereby block further passage of fluidic materials In this manner, the interior 
region of the tubular member 715 below the eqtt n da hl * mandrel 705 can be 
optimally fluidicry isolated from the region exterior to the tubular member 715. 
This permits the interior regtono^ 
mandrel 205 to be press uri sed. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epomes at flow rates and 
pressures ranging from about 0 to 3,000 gaHons/nmute and 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidfc material*. In a preferred embodi ment, the fluid 
passage 740 includes an inlet passage 830 haying a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In apri'frrrH r™*™"™"^ ^ "pparatais 700 further includes one or more 
seals 845 coupled to and supported by tte 
715. The seaJb 845 are farther rx>^^ 

620 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 
30 tubular member 715 to be fluidicry sealed The seals 845 may comprise any 
n umber of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epozy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
6 existing casing with optimal load bearing capacity to support the tub 
715. 

In a preferred embodiment, the seals 845 are selected to provideasufficient 
fractional force to support the expanded tubular member 715 from the existing 
casing. In a preferred embodiment, thofrictional force provided by the seals 845 

10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular member 716^ 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 746 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700 into a new section of a wellborn Tins support member 745 m^ comprise any 
cumber of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
emb odiment , the support member 745 comprises conventional drill pipe available 

20 from various steel mills in the United State* 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine baaed lubricants, oil based lubricants, or Climax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1600 Antisiexe (3100) available from Halliburton Energy/ Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 

30 process. 

The overshot connection 755 is COXipled to tibe support meinber 745 and the 
support member 760. Theoverehotcoimectto 



member 745 to be removably coupled to the support member 760. The overshot 
connection 756 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred wnbodiment, the overshot connection 755 comprises s Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overahot connection 
755 and a surface support structure (not Illustrated). The support member 760 
10 preferably comprises an annular meinberhavmg sufficient strength to carry 
apparatus 700 into a new section of a wemwre. The support member 760 may 
comprise sny nunuw of conveiitianal commercially available support members 
such a* to example, steal drmpip^ 

modifiedmaccordancevrfthtbetea^ Inapreferred 
15 embodiment, the support mernber 760c 

from steel nulls m the United States. 

The stabilixer 766 is preferably coupled to the support member 760. The 

stabilizer 765 also preferably stabilizes the components of the apparatus 700 

within the tubular member 715. The stabilizer 765 preferably comprises a 
20 spherical member having an outside diameter that is sbout 80 to 99* of the 

interior diameter of the tubular member 715 in order to optimally minimize 

bucklingofthe tubular member 715. The stabffizer 765 msy comprise sny number 

of conventional »mmercialry available stabilizers such as, for example, EZ Drill 

Star Guides, i>acker8hoesordragblocto 
25 ofthepreaentdisctosnre. Inapreferred embodiment, the stabilizer 765 comprises 

a sealing adapter upper guide available from Halliburton Energy Services in 

Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is minimized. This nunimizes the possibility of foreign material clogging the 
various Qow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
materi al interferes with the expansion mandrel 70S dicing the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Fjgs» 1-7 to fom a new section of casing within 
a wellbore 

10 As illustrated in Kg, 8, in an alte rnativ e pref erred emb o diment , the method 
and apparatus described hereto is usedtorepeir sn existing weflbore owing ^ 
by forming a tubular liner 610 inside of the existing wellbore casing 805. In a 
preferred ^h^hmmm^ ™i**r mmiigr lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, arjy number of fluidic 

16 m«t*"«t« can be used to expand the tubular Knar 810 into intimate contact with 
the damaged section of the wellbore casing sncb as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tabular member in order 
to optimally provide a fluidic seal In an alternative preferred embodiment, the 

20 *"Hm1jit» Hn«r fllfl to fhrmid within a hnrigonta% positioned pipeline section, such 
as those used to transport hjdro<Mrbons or wa 

tn an ovii riap ptngyfti fl t'^ m fl^ T* with the info^t pfraltna aeetion- In this manner, 
underground pipelines can be repaired without hatffaig to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
described herein is used to direct^ Ina 
preferred embodiment, an outer a 

the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tabular liner 810 into 
30 intimate contact with the wellbore such as, to example^ 
or driUin£ mud- 
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Referring now to Figs. 9, 9ft, 9b and 9c, • preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expendible tubular 
TTimnh«»r 902, a mippnrt member 904. an expanriihle mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits easy removal of those etonentsbydrillfogUiemout Inthis 
manner, the assembly 900 can be essOy removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling me t ho d s . 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion914. Daring operation of the 
10 apparatus 900, the tabular member 902 k preferably exfanmed off of t he miin d r el 
906 by pressurising an interior region 968 of the tabular member 902. The 
tubular member 902 prefcrably has a substantialhj anmilax cross Dortion. 

In apartknlariy pr e f erred embodiment,an«^ n d ahl etabubtf member 915 
is coupled to the upper portion 910 oftbo expandable tubular menfoer9()2. During 
16 operationoftheepparatua900,te 

of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 916 is 
greater than the wall thickness of the tubular member 902. 
20 The tubular member 916 may be fabricated from any number of 
conventional conunerdauy available materials such as, for example, oflfield 
tubular low alloy steels, titanium OTstahiless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulara in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 
25 maparticularh' preferred embodiment, tto 

point ranging from about 40,000 to 136,000 pat in order to optimally provide 
approxiinatdy the same yield propertes as Tbotubular 
member 916 may comprise a ptaianty of tubular members coupled end to eni 
In a preferred embodiment, the upper end portion of the tubular member 
30 915mehidesoneoriDore»eanng^ 

gaseous seal with an existing section of weDbcie easing. 



In a prefer r ed embodiment, the combined length of the tabular members 
902 and 915 are limited to minimize the possibility ofbuckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tabular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 

10 conventional commercially available materiala audi as, for example, oilfield 
tubulari, low alloy steels, titanium or stainless steels. Inapreferred embodiment, 
the tabular member 902 is fabricated from oflgeMtobnlars in order to optimally 
provide app r urii natefrt^ 
Inaparticulariy preferred 

15 point ranging from about 40,000 to 185,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 9 15 . 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 9 14 of the tubular member 902 may range, for example, from about 1/16 to 1.5 
inches. In a preferred embodiment, the wall thickness of the upper, intermediate, 

20 and lower portions, 910, 912 and 914 ofthe tubular member 902 range from about 
1/8 to L25 in order to optimally provide waU thickness that are about the same as 
the tubular memb er 915. In a preferred embodiment, the wall thickness ofthe 
tower portion 914 is less than or equal to the watt thickness of the type: portion 
910 in order to optimally provide a geometry that will fit into tight ^runrw 

25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 ofthe tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter ofthe upper, intermediate, 
and lower portions, 910, 912 and 914 ofthe tubular member 902 range from about 
30 3 ft to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tabular member 902 is preferably limited to between 

about 2 to 6 feet in order to optimally provide enough length to contain the 

mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 cannnard au y a vailab le tabular inenibwinodln^toafleorianeeiiithto teaAinff 

of the present disclosure. In a preferred embodiment, the tubular member 902 

comprises Oilfield Country Tubxilax Goods availal>fo from 

The tubular member 915 may comprise any number of conventional commercially 

available tubular members modified in accordance with the teachings of the 
10 prcsentdisclosure. Inapreferredenibodiinent, the tabular me^ 

OBfieid Country Tubular Goods available from various U B. steal nulla. 
The various elanimte of the tnbulm 

number of conventional process such as, for example, threaded connections, 

welding or machined from one piece. In a preferred einbodiment, the various 
15 elements of the tabular member 902 are coupled using welding. The tabular 

member 902 may comprise apluralily of tubular elements tiurt are coupled e^ 

end Tbe various elements of the tuhulw 

number of conventional process such as, for example, threaded connections, 
welding or nutchined from one piece. In a preferred em bodim ent , the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
mamberOUmaycomnriseaplurBlitytf^ 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 prefer^ 

a fhud passage 918, an uppw guide 920,8^^ During operation of 

the spparstus 900, ^support member 904 prefer^ 

during movement of the apparatus 900 within a weubore. The support member 
904 preferably has a substantially snnular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional conunerciaUy available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably ia coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970* 

The fluM passage 918 to prrferabfruaed 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fhiidicfy coupled to the Ihria Tn a preferred «tniwv«i~mt thi* fluid 

10 passage918 is uaed to convey hardenabkflui^ 

apparatus 900. Inaparttenlarfrprefenrd embodiment 
include one or more pr e ssor s relief passages (not illustrated) to release fluid 
pressure during pomtioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 1* positioned alonga longitudinal centeriine of 
16 the apparatus 900. In a pre f erred embodiment, the fluid passage 918 ia selected 
to permit the conveyance of hard enable fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support noember 
904. The upper guide 920 preferably is adapted to center t^ 
20 within the tubular member 916* Tke upper guide 920 may comprise any number 
of conv entional guide members modified ™ accordance ***** the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
inneTatringadapter available frra 

to optimally guide the apparatus 900 within the tubular member 915. 
25 ltecouplmg922eouplesthe 

coupling 922 preferably compriaea a conventional *^™»^^ connection. 

The various element s of the support member 904 my be coupled using any 
number of conventional processes such as, for example, welding, threaded 
c onnection s or machine d from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded c onne cti ons 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
eipansioneoiie928,alower cone retainer 930,abody of cement 932, a lower guide 
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934, an extension aleeve 936, a spacer 938, a housing 940, a sealing riecve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
Gross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreigninaterialBmtotte 

rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available firom Haffiburton Energy Services ^ 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 



20 the mterfcce between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commerciaJly available lubricants such as, for example, 

(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fariliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
ofcement 932, the lower guide 934, the extensira 

the upper cone retainer 944. In a preferred embooiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded offof the outer 
surface of the expansion cone 928. m a preferred embodiment, a^ 
of the expansion cone 928 isprevented by the lower cone re^ 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940 , and the upper con 
retainer 944. 

The expansion cone 928 preferably has a substantial^ annular cross section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a p re fe rre d embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0^6 to 0.75 inches in order 
to optimally provide adequate compressive strength with minimal material. The 

10 maximum and minimmnoutsidto diameters (rf the ex 

for example, from about 1 to 47 inches. In a preferred emb o diment, the maximum 
and TrTni,mmri outside diameters of the expansion cone 928 range from about 3.5 
to lfl in order to gptroalfr pravMa mxpmmtm afgenmrmD^rnvmlfihU nilfiolH tubolars 
The expansion cone 928 may be fabricated from airy nxmiber of conventional 

15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide hi^ strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a prefer red embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. in a preferred emhedfaMmfc, axial mmnmmnt pf the «^pn^«^ mn» 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a su bstantia l l y angular cross-section. 

The lower cone retainer 930 may be frfrrffptfd from any number of 

30 conventional commercially available materials such as, for example, ceramic; tool 
steel, titanium or km alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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Strength and abr asion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 m ordwt" wp Htwlly pwtvMp high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
ajodareauient Interior booV in order to optimal^ 
fracture toughness. 

hi a pirfftrrH -"J-*—"* , «~ «• retainer 930 and the expansion 

10 cone928arefbnxi6dassnJiiiegralc^ 

of comrjonwrta and increase the overa^ H»onter 
surface ofthe lower «i» retainer 

the tubular members 902 and 915. 

■r^i^ ^i^.mt oagi.paatkmad within the mteriorofthe mandrel 906. 
15 The body ofcenient 932 provides an fainerbeari^ 
Thebodyofcenient 932 farther maybe eiis^ 

device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commnrrinny available «-"—»»* i*m>pmmda. Alternatively, ahiminnm, cast iron or 
gone other drillable metallic, composite, or aggregate materialman 
for cement. The body of cement 932 iireferably has a substantially annular croaa- 

section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 lhiriiig<>peratioaoftbeai>paratM 

the movement of the mandxel 9(16 wttb^ Tbekmer 
guide 934 preferably has a substantially annular cr^^ 

The lower guide 934 may be fabricated from any number of conventional 
rommerrially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 984 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide t eliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulara, low alky steel or stainless steel In a preferred embodiment, the 
10 extension aieeve 936 is fabricated 

highyield strength. The e*iter surface of the exteiisk^ 

with the inner surfece of the tubular member 902 to provide a eliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 

16 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908* this xxiaxuw, a phig or darter 
surface through the fluid passages 918 and 952 into the fluid passage 962. 

20 Preferably, the spacer 938 has a snhatantially annular cross section, 

The spacer 038 may be fabricated from airy number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a pre f erred emb o dime nt, the spacer 938 is fabricated from aJuminu^ in 
order to optimally provide drillabilify. The end of the spacer 938 preferably mates 

25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are fomed as an integral one-piece elem 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 984, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 

30 operation of the apparatus 900, the housing 940 preferably prevent 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The ho using 940 may be fabricated from any number of conventional 
rommemafy available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel In order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, 
are formed as an integral one-pie^ 
componente and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior Btirface of the touring 
940 includes one or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support memlw 904, toe body of 
cemimt 932, the spacer 938, and the upp^ During operation of 




906. The J 

15 thecoupbng922. Preferably, the sealing sleeve 942 lumasubstantiiuly aniiular 



The Bealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the seeling sleeve 942 is fabricated from 
20 ahmnnmn in order to opttaalhjprofvto 

In a partfcularh/ preferred ernbodiment, the outer surface of the sealing 
ulcere 94?. in"!^'^ nr mure prutx prions to fariUate the connection between the 
sealing sleere 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to mmimise the 
number of components. 

The upper cane retainer 944 is coupled to the expansion cone 928, the 
mniiTifF rip*™ B42 r «nd the body of cement 932. During operation of the apparatus 
900, the upper (»neretamer 944 prefers 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 

in filhri«tt*rf firnra fthiTnfmrm in mrter tn ftptim*Hy previA* ririUnhnity orf ffrw» dipper 

5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retains 
crofis-eectkmal shape designed to provide increased rigidity. In a particularly 
prefer red embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity end the 
10 amount of material that would have to be drilled out 

The lubricator mandrel 046 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, end the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 far lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cros s section 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum ox cast iron. In a preferred emb odiment , the l ub ri ca t or mandrel 946 is 
20 f a bri ca te d from aluminum in order to optimally provide drOlability of the 
lubricator mandrel 94& 

The lubricator aieeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 aieeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve Q4K h** * substantially annular crow Boctirm 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron, in a preferred embodiment , th* ^Tirntffr sleeve °4ft 
30 fabricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 



As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubbercup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment , seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular eroso section 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is counted to the mandrel 906. During operation of 
the apparatus, the fluid passage 962 preferably conveys hardenable flnidie 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fiuidic m at e ri als at pressures 
20 and flow rate ranging from ato 
tooptiinally provide preeeuresandfl 

the installation of the apparatus 900. 

The various elenienteof the mandrd 906 ma^ 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a hoty of cement 956. a 
sealing sleeve 958. an extension tube 960, a flum passage 962, and one or more 
outlet Jets 964. 
80 The bnusuig954 is coupled tothe body o 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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~ shoe 908 to farllfcnfo the fr*™*™*™ and positioning of the tabular member 902. 
Preferably, the housing 954 has a substantially annular cross-eection- 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide driHabiliiy of the bousing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to faffliate the connection between the body 
of cement 966 and the housing 954. 
10 The body of cement 956 is coupledtotto 

958. In e preferred ■smbodimaBi» the compoaition of the bofly of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling ssachxnes end pb ppobsbosl 

The composition of the body of c on t ent 956 moy in clude any number of 
15 conventional c e ment composi t ions. In an alternative embodiment, a drQlable 
material such as, £br example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 la coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jete 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fhridic material from the flnid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to ixgect the haxdenablefluidic material 
into an annular region external to the tubular member 902. In a pr e fe rred 
embodiment* during operation of the apparatus900, the sealing sleeve 958 farther 

25 includes an inlet geometry that permits a con*entionalphigordart974tobecome 
lodged in the inlet ofthe sealing sleeve 968. In this msnner, the fluid passage 962 
may be blocked thereby fiuidicjy isolating the interior regkm 966 of tto 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-sectian. The sealing sleeve 958 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefe r re d embodiment, the sealing sleeve 958 is 
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"" fab ric at ed from ahuninnm in order to optimally provide drillabihty f the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further inchtdea an inlet 

10 geometry tb^ permits a conventional phigordart974 to become todged to the 
inlet of the seahng sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby flukficV isolating the interior region 968 of the tubulin In 
aprafomd embodiment, "™>«ndoftha extension tube 960 mates with one end of 
tb« spacer 938 to order to optinialhr 

16 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabrica^ 
of conventional commercially available materials such as, for example, steel, 
ahmunum or cast iron. In a preferred embodi m en t , the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drillabiiity of the 

ex tens ion tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extenaion 
tube 96^, snd one or in<n^ outlet jets 964. During operation oftbe apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodhnent, the fluid passage 962 iaposto 

the apparatus 900. In a pw r*» wilar fr pmfarred embodiment, the fluid pessage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 pal and 0 to 3,000 gaUwia^mw^ to <mtmmlb/ 
provide fluids at operationally efla ci e n t rales. 

30 The outlet jets 964 are coupled to the sea ling s lneve 968, the extension tube 
960, and the fluid passage 962. Durtogoperattonoftbaappara 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 864. 

Td a preferred ^^tmgnt the Mttietj** 964 «wnpri«P passages ^n«d m 
the housing 954 and the body of cement 966 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined faw o* m«*«rtai In a p referred embodiment, the various 

elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 
described above' with re fer ence to Figs. 1*8 to create a new section of casing in a 
weUbore or to repair a wellbore casing or pjpfrfrne, 

In pa rticnlsr, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916. Ina 
p r efe rred embodiment, a hardenable fhridic sealing hardenable fluidic sealing 
20 material is then pumped from a aurfrce location into the ftaid passage 918. The 
hardenable fluidic leaang material than passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
harden a b le fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wan of the new section of the 
wellbore. Qrmthwiwri ptiTwpiwg nf tK« fifA^aViU finifHi* — *>i™ff ^^^^1 eaaaeathe 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging; for example, from about 0 to 
5,000 psi and 0 to 1,600 g all on s /mm, respectively. In a preferred embodiment, the 
hardenable fluidic sealing material is pumped into the anntdar region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough rirailating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined uaing conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provfele support for the new tubular 
member while also maintaining optimal flow characteristics so as to 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section ofthe wellbore will be 
filled with hardenable material 

20 Once the annular region has been adequately filled with hardenable fhndic 
sealing material, a phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurise. In a particularly 
preferred embodiment, the plug or dart 974^ or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic materiaL In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off ofthe mandrel 906. The mandrel 906 may 
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be fixed or it may be expansible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. Duringthisextniiaon process, the shoe 908 ia preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional coinmeraalfy available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down ping, Omega latch-down 

10 phig nr thraft-wtper Intrh Hnwn pmg iwwtifW m i»rmi«UM with th« t»jw4i<T»g» nf 

the present disclosure. Inapsefen^ embodiment, the n^ 
a MSG latch^wnphig available from Hall^ 

After placement of the plug or dart 974 in the fluid passage 962, the son 
hardenable fluidk material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gaHona^min in order to optimal^ 
off of the mandrel 906. 

For typical tabular members 902 and 915, the extrusion of the tubular 
members 902 and 915 offoftte expandable mandrel 

20 of the interior region 966 reaches approximately 500 to 9,000 pal In a preferred 
embo diment, the extrusion of the tubular members 902 and 916 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches appro i imatejy 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallonstomrate. 

During the extrusion process, the mandrel 906 may be raised out of Hie 

25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example! from about 0 to 6 ft/sec. In a preferred einbodiment, during the extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed mat enough to permit efficient operation and 

30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fhndic sealing material; but not so fast that timely adjustment of 
operating p a r amet er s during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portionof the tubular memb^ 
916 will preferably contact the interior surface of the lower end portion of the 
ftxiKting casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 60 to 20,000 psL In 
a preferred embodiment, the contact pressure of the overiappmgjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resist 

10 the tubular member 915 and existing weDbore casing will c ar r y typical tenaOe and 
compressive loads* 

In a pr e fer red embodiment, the operating pressure and flow rate of the non 
hardenable fhxidic material will be controUably ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 916 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

In an alternative preferred embodiment, the operating pressure sad/or flow 
rate of the hardenable fluidk sealing material and/or the non hardenable fhxidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimize shock. 
25 AKernatmfoor in combination 

member 904 in order to absorb the shock caused by the sudden release of pressure* 
Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed^ tl^ 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidk seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods, If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory,; then- the uncured portion of any of the 
5 hardenable fluidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardenable fluidic sealing material 
within the annular region b e tween ths expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any rnnatning cured hmdpnflhlft fluidic sealing material within 

10 the interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner usinga conventional drill string The resulting new section 
of casing preferably includes the expanded tnbular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing ™»+»tM The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 908 using conventional dr flHng methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 

to a malfunction. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to ffrdlityt? the removal of 

20 the remaining sections. In a preferred embodiment, Hie interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 908, mrfurifng one or more of the body of 
cement 932, the apacer 938, the seeling sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 946, the tabricator sleeve 948, the guide 950, the housing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 

30 conventional drilling methods snd apparatus. In this manner, in the event of a 
maKbnction downhole, the apparatus 900 may be easily removed from the 
wellbore. 



Referring now to Figs. 10a, 10b, 10c, 10d, 10e, lOf, and 10g a method and 
apparatus for creating a tie-back liner in a wellbare will now be described. As 
illustrated in Fig. 10a, a weDbore 1 000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
6 The first casing 1004 preferably 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulua 1014. In a p re f erred embodiment, the second casing 1006 
is formed by expanding a tubular member substantial*/ as des^ 
reference to Figs. l-9c or below with reference to Figs, lla-111 
10 In a particularly preferred embodiment, an upper portion of the tabular 
liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
pT^frrr^ rnnWytim^t nn rmt*r imrfftce of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidk seal 
between the tubular liners 1008 and 1012. 
16 Referring to 10b, motder to 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an espandabte 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1180, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 
20 support member 1160. 

Tie expandable mandrel or pig 1106 is coupled to and supported lry the 
support member 1160. The expandable mandrel 1106 is preferably adapted to 
controUably expand in a radial direction. The expa ndable mandrel 1105 may 
comprise any number of conventional commercially available expa nd able mandrels 
25 modified in acrordance with tlwteac Inapreferred 
embodiment, the expandable mandrel 1105 comprises a Irydraulic expansion tool 
substantially as disclosed in UJS. Pat. No, 5,348 ,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

80 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. Thetulrolarmember 1105 is expanded m 
extruded off of the expandable mandrel 1105. ThetubularmemberlllOmaybe 
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febricated from any number of materials such as, for example, Oilfield Country 
T>afaalfly Goods, 1 chromium friM ^g or pi***ic piping. In a preferred embodiment, 
t he friiwiny mmnhm> 1110 is frfm—frd Oilfield Cmintrv Tubular Goods. 
' [bt toner and outer diameters of tha tubular member 1110 may range, for 
5 f«Tnp T a fam appnaana 0*78 to 47 inches and 1.06 to 48 inches, respectively, 
la a preferred embodiment, the inner andoutex diameters ofthe tubular member 
1110 range from about 3 to 15.5 inches and 3£ to 16 indies, respectively in order 
to optimally provide rmrnngp for typical ftilfifH casing siges. The tubular member 
1110 preferably compriaea a solid member. 

10 In a pi of su ed embodiment, the upper end portion of the tabular member 
1110 is dotted, perforated, or otherwise modified to catch or alow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of budding. For typical tubular member 1110 materials, 

15 tbfi len g th nfthfl tohnbip member 1110 i« preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 11 ISinchidea the fluid passage 1186. The ahoe 1115 may 
comprise any number of conventional commercial^ available shoes such as, for 

20 example, Super SealHfloat shoe, Super 

with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1116 
compriaea an aluminum down-jet guide ahoewithasealingsleeveforalatch-down 
plug with side ports radiating off of the exit fkm port available fiiraHallfturton 

25 Energy Services in DaBa^TX, modified mai»* 

present disclosure, in order to optimally guide the tubular member 1 100 to the 
overlap between the tubular member 1100 and the casing 1012, opthnaDy fluidicfr 
isolate the interior of the tabular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 111 5 after completion of the 

30 expansion and cementing operations 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fluidic communication with the fluid passage 1135. In this manner, 
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frfr" Bhfwy 11 1 R fry*** h^r^mnh io fluidic sea lingmaterial the region mitmdtt th<» 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 

5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 m ay com pri se any number of conventional commercially available cup seals 
muh as, for example, TP cupeo 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SEP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 contain a bocfy of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1180 
20 preferably extends fruxn a position aitfacent to the sur&ee to the bottom of the 
expandable mandrel 1105. The fluid passage 1180 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1 130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galkma/minute and 0 to 9,000 psi in order 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage iiSSpennitsflnldicmatei^tobe transmitted 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phig, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fiuidic materials, In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferahfr selected to convey materials 

10 sucb as eement, drilling mud or epoxto 

about 0 to 8,000 gaDomfln tmrte and 0 to 9,000 pel in order to optimally fSH the 
annular region between the tubular member mo and the tubular lnw 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1140 indnde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 11 15 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidity isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outersurface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlapping joint between the upper end portion erf the casing 10 12 and the lower 
end portion of the tubular member 1110 to be flnidicjy seated. 

The seals 1145 may c ompr ise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epaxy seals modified 
in accordance with the teachings of the present disclosure. In a p re fe rred 

30 embodiment, the sealsU45 comprise 

from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic seal in the overlapping joint and optimally provide toad carrying capac^ 
to withstand the range of typical tensfle and compressive loads. 

T r a preferred embodiment, the seals * 1 45 are selected to optimally provide 
a sufficient frictionalforce to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a pr ef OT ed embodiment, the frictional force provided by the 
seal* 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an »nmiUr member having sufficient strength to carry the 
apparatus 1100 into" the weDbore 1000. In a preferred embodiment, the support 
member 1150 further inchideg one or more conventional centralism (not 
illustrated) to help stabilize the tubular member 1110. 

Id a preferred embodiment a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the e xpandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional amimerdaDy available lubricants such as, 
f^ftTft^pKT^^plnt^cbinr^^hfl^ tohricantaor Climax 1600 Antiseize (3100). 
20 In a preferred emb<>diment > the lubricant 1160 comprises 

(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the fctxoductira 

This ™»«™*-Hi the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 inclu des a 
SO packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a driUable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZ Drill Packer available firom Halliburton Energy 
5 Dallas, TX. In an alternative embodiment^ a high gel strength pill may be set 
below the tie-baxi in place tfthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of wellbore vohmies are circulated in order to 
10 ensure that no foreign materials are located within the weHbore 1000 that might 
dog up the various flow passages and valves of the apparatua 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig, 10c, a hardenable flutdic seating material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tabular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping erf them 
1160 to fill up at least a portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galtonatoin, respectively, Iaapreferred embodiment, the ira 

into the annular region at pressures and flow rates specifically designed for the 
ca sing siaas being run, the annular spaces being filled, the p u ojpi ng e ^uipBttflnt 
available, and the properties of the fluid being pumped , The optimum flow rates 
and p ress ur e s are preferably calculated using conventional empirical methods. 

30 The hardenable fluidic sealing material 1160 may comprise any number of 
conventional commercial^ available hardenable Bridie sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



haidenabte fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to ptimally provide proper support lor the tubular 
memb er 1 1 1 ft while m aintaming optimum flaw characteristics so as to mftihniwi 
5 "pyn»H"" nl mmmMiPut during the displacement of cement in the annular region. 
The op timum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 110, the 
10 annular region will be filled with material 1160. 

Aa illustrated in Fig. 10d,once the annnlarregion has been adequately filled 
with material 1160, one or more pluga 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fluididy isolating the interior 
regionofthe tubular member 1110 from 
16 member 1110. Inapreferredembodiment,ancuhardena^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
^Wnr^ th« pm or more ohum 1165. or other similar devices, are introduced 
into the fluid passage 1140 with the mtroduction of the non hardenable fluidic 
20 material. In thia manner, the amount of hardenable italdk material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tabular member 1110 is extruded off of the exp an da ble man d re l 
1105. During the extrusion process, the expa n dable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
•r< — *»Mt*£ the pfaff" lies Into the fluid passage 1130 at a surface location m a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 



-60- 



In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, far a shoe 1105 having a common central 
iniet passage, the pings 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hard enable fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1U0 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 pai and 40 to 8,000 gallona/min. 
In a preferred embodiment, after placement of the plugs 1165 in the fluid passages 
1140, the mm hardenahle fluidic material 1161 is preferably pumped into the 

10 interior region of the tubular member lUObeksw the mandrel 1105 at pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallona/min in ardar to optimally provide exbiiata 

For typical tubular members 1110, the ertnisfon of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

15 interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approximately 1200 to 8500 psl In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 

20 Daring the extrusion process, the fipimdsbtomandrd 1105 my be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about O to 5 ft/sec Inapreferrcd embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ranging (hnn about 0 to 2 fVsec in order to optimally 

25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed befloe the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular member 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 

30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the weSbore casing 1012. Inaparttenl a r fr pr»* lW mrf *mh f*\\yn mt th* «m! 
is effected by compressing the seals 1016 between the expanded section 1160 and 
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the wellbare casing 1012. In a preferred embodiment, the contact pressureofthe 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pel in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tabular member 1110 and the existing casing 1008. In a pr e fer red 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 600 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal resistance to ensure that thejointwm withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllabfr ramped down when the expendable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimized. In a 
preferred embodiment, the operating pressure of the flnidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extrusion process. 

Alternatively, or in combination, a aho<* absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure Is provided 
30 in the upper end portion of the tubular member 11 1 0 in order to catch or at least 
decelerate the mandrel 1105. 



-52- 



Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105, 
the integrity of the ftaidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fhridic aeal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner. The 

10 material 1160 within the annular region betwemthe tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. lOf; preferably any remaining cured material 1160 
within the interior of the expended tubular member 1110 is then removed in a 
conventional mannerusinga conventional drffl string. The resultingtie-back liner 

15 of caa in g 1170 includes the expand ed tubular member 1110 a nd an out er annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and pecker 1156 using conventional drilling methods. 

20 In a particularly preferred embodiment, the apparatus 1100 incorporates 
die apparatus 900. 

Referring now to Figs. lla-llf v an embodiment of an apparatus end method 
for hanging a tubular Hner off of an existing wellbore casing wiH now be d^ 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 

25 formation 1205. The wellbore 1200 induta an 

a tubular casing 1216 and an annular outerlayerof cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a wall known manner to driU out material from the 
subterranean formation 12 05 to form a new section 1280. 

30 As illustrated in r% lib, an ag 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably inchidi* 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
e ipand in a radial direction. The expandable mandrel 1305 may comprise any 
n umber of conv entional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in Ufl, Pat No. 5,348,095, the disclosure of which is 
iirorporated herein by refers 
present disclosure. 

The tubular member 1 3 10 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1306. The tabular member 
1310 maybe fabricated from any number of materials such as, forexample, QOfleld 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing . In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. Th? TT™«*- m * miter diameters of the tubular member 1310 may range, for 

20 example, from approximately 0 .75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal teleacopingeffect in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the waU thickness and OTter diameter of the up^ 
1355 of the tabular member 1310 range from about 3/8 to 1 Winches and3 Vi to 
18 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 in che s, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section I860 of the tobidar member 1310 is less than or 
5 wall thickness , of the upper and lower sections, 1855 and 1365, of the tubular 
member 1810 in order to optimally feriBate the initiation of the extrusion process 
and optimally rjennit the placement of the apparatus in areas of the wellbore 
having tight clearances 

The tubular member 1310 preferably comprises a solid member. In a 
10 p r efe rred andrndimeat , the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310* In a preferred 
embodiment, the length of the tabular member 1310 is limited to minimi™ the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
16 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
20 Super Seal n float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latdkdownphig modified in acrordsnce with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet goideaboe 

from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
25 teachings of thepnwmit disclosure, in order to optimally guide the tubular member 
1310 into the weDtore 12^^ 

member 1810, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1815 further includes one or more side 
30 outlet porta in fluidic conrrminination with the fluid passage 1330. In this manner, 

tht» ahftft Ifll K prwfwrfthly hr^ttrt* Wdpnahl* ftri;^ frfll^g mfttfrini fatft fhfr T°gkTt 

outside the shoe 1315 and tubular member 1310. Tn » preferred ^^^^ 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1 320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandabk mandrel 1305. The fluid passage 1320 mpseferab^ iiositkmed along 
a eenterlineofthe apparatus 1300. The fhrid passage 1320 is preferahb/ selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/nunnte end 0 to 9,0Mpsim order 
to optimally provide sufficient operating pressures to circulate fluids at 
15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tabular inember 1310 and eboe 1316. The fluid 
passa ge 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cxoss- 
sectional shape that permits a plug, or other sunilar device, to be placed ^ 
passage 1330 to thereby bloAftnrther passage of flmdicmaterinlR. In this manner, 
the interior region 1370 of the tubular member 1310 below the ex p a nd a ble 
mandr el 1305 can be fluidicfy isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey m at erials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 ganona/rninute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the weDbore 
1200 with fluidic materials. In a preferred embodiment, the fluid paasage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offby introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1380, The fluid passage 1335 is preferably 
p os i t ioned substantially along the centerime of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or epozies at flow rates and pressures ranging from about 0 to 3,000 
galkrai/minute and 0 to 9,000 pal in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 
with fluidic materials 

The seals 1340 are coupled to and supported by Supper end portion 1355 

15 of the tubular member 1310. Th* seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidity sealed. The 
seals 1340 may compriae any number of conventional commercially av ailable seal s 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings of the present disclosure. Inapxeferxedembodttnentytheseak 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to opthnally provide a hydraxilk seal in the 
annuhisoftbeoverlappmgjofo 

25 to withstand typical tensile and compressive loads. 

In a p re f erre d embodiment , the seals 1340 are a^ed^ to optimal^ |m>vide 
a sufficient frtctioiialfbra 

existing casing 1215. In a prefe rred embodiment, the fractional force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
80 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new Bectkra 1230 of the wellbore 1200. In a preferred 



centralixers (not illustrated) to help stabilize the tubular member 1310. 
5 in apreferred embodiment, the sup^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduirtton of fbrei^ 

This minimises the possibility of foreign material clogging the various flow 
passages and valvof of the apperatus 1300 and to emrae that no foreign nisterial 
10 interferes with the expansion process. 

The wiper phig 1350 is coupled to the mandrel 1806 within tha interior 
region 1370 of the tubular member 1310. The wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the Ouid passage 1320. The wiper plug 1360 may 
comprise one or more conventional cominerdally available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. Lo a preferred enibcdiment^ the wiper phig 1350 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred einbodiment, before or after positioning the apparatus 1300 
within the new section 1280 ofthewellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As ulustratedinFig. lit, aliardenable ItaidicsBslingnMterisl 1880 is then 
pumped from a surface location into the fluid i»S8age 1320. The material 1880 
then passes from ton fhiid passage 1320, th^ 
80 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1880 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 1810 and the interior wafltfthe new section 1230 of the wellbore 
1200. Continued pumping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/mix^ respectively. In a prefe r re d embodiment, the material 1380 ia 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallon^min, respectively, in order to optimally 

10 fill the annular region between the tabular member 1310 and the new section 1230 
of the wdlbore 1200 with the haidenable fhridfc sealing materia] 1380. 

Thy hardenable fluidi c sealing material 1 880 may comprise any n umber of 
co nv e n ti onal conuBer ciaHy available haidenable fluidic sealing mate risls such as, 
for BTHmplfl, slag mix, cement or epaxy. In a preferred embodiment, the 

15 hardenable fl uidic sealing material 1380 comprises blended cements desi gned 
specifically for the wen section being drilled and available from Halliburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum Mend 
of the cezDyent is pn*fffrwbly determined using ot?nventional esoipincal ra ethod s 

20 The annular region 1390 preferably ia filled with the material 1380 in 
sufficient quantities to onsure that r upon radial oipa ns io n of the tubular member 
1310, the annular region 1390 of the new section 1230 of the vreilbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1880, a wiper dart 1395, or other simflar device, b introduced 
into the fluid passage 1320. Tim wiper dart 1396 is preferably pumped through the 
fluid passage 1820 fry anon hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper phig 1360 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluM flow through the fluid 



passage 1330, and fluidity isolating the interior region 1370 of the tubular 
member 1310 from the imnnlnr region 1390. In a preferred embodiment, the non 
baxdenable fluidic material 1381 is then pumped into the interior region 1370 
erasing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 fritTT^"*"ff * h » dmt 1885 A""* P*"*** 1320 ** * taafkcts ^cation 

in a conventional manner. The wiper dart 1395 may comprise any number of 
conventiowdronnnerdany 
for exaim^, Muh^ Stage Cementerlateh^ 
or three wiper lateh^lownplugVa^ 
15 thepresentdisclosure. Inapreferredendiodhnent, the wiper dart 

a three wiper latch-down plug n»dined to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable Ouidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 pai and 0 to 1,500 galtoiis/nun in order to (>ptimally 
extrude the tubular member lS lOoff of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 lSlOismtaimteed. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
har denable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates rangh^ 

40 to 3,000 gallons/min in order to optimally provide operating pressures to 
SO the expansion process at rates sufficient to permit adjustments to be 

made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off f the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular memb er 1310 off of the 
5 expandable mandrel 1305 is a ftmetion of the tubular member diameter, wall 
thickness of the tubular member, geometry ofthe mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member . The optimum flow rate and operating pressures are preferably 
dotoroMBOd using conventional f*r**ps ri^*i methods* 

10 Daring the extrusion process, the expandable mandrel 1305 may be raised 
out of the expanded portion of the tabular member 1810 at rates ranging, for 
example, from about 0 to 5 fl/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1810 at rates ranging from about 0 to 2 ft/sec in order to 

16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1810 is extruded 
off of the expandable mandrel 1S05, the outer surface of the upper end portion 

20 1355 oftha tubular member 1310 wiU 

lower end portion of the casing 1215 to Item an fluid tight overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 QptimAily provide oontactpreasora wiflMimttn ensure annular -wi^g jimM* 
enough resistance to withstand typical tensile and com pr es siv e loads. In a 
particularly prefer r ed embodiment, the sealing members 1340 wiU ensure an 
adequate fluidic and gaseous seal in the overlapping joint 
In a preferred embodiment, the op 

30 haixienablefhiidk material 1381 is co^ 

mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. 
In this manner, the sudden release of pressure caused by the complete extrusion 
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f the tubular member 1310 off of the expandable mandrel 1306 can be mmimiiwd . 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 baa completed approximately all but about 5 
5 feet of the extrusion process. 

AltfTTatryfly.orm fiombinftt^*. • whn rkahiini her iapro^idedinthe support 
member 1346 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 mtheupiw end portion 1366 of ^ 
least decelerate the mandrel 1305. 

Once the ertruaton process is comideteo^ 
remored from the wellbore 1200. Inapnrferred embodiment, mther before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

16 ovCTlappingjointbetwem 

the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1366 of the tabular 
member 1310 and the lower portion of the casing m5 m satisiai^, th«i the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 iathmremovBdmaronventionalmanner. The inaterial 1380 withm the annular 

region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
w ithin the interior of the expanded tubular member 1310 Is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 ofcaaing 1400 mcmdes the expanded tubular 

layer 1406 of cured material 306. The bottom portion of the apparatus 1300 
oonunismg the aboe 1315 may th^ 
conventional drilling methods, 

A method of creating a casing in a borehole located in a subterranean 
30 formation hae been descrWthatm^^ 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radiahy expanded by extruding the lhra off of tta 
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The injecting preferably includes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a nan hardenable Acidic material into an interior region of the 
tabular liner below the mandrel. Tbe method preferably includes flnididy 
5 isolating the annular regkm from the interior region before injecting the second 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the hardenable fluidic sealing material la preferably provided at 
operating pressures and flow rates ranging from about 0 to 6000 psi and 0 to 1,500 
gaUonafain. The injecting of the non hardenable fluidic material is preferably 

10 provided at operatingpressares and fkwratesrangliigfhmabotit600to9CK)0psi 
and 40 to 3,000 gaHnns/mtn. The fa^ecting of the nan hardenable fluidic material 
i8pw?ffrah^providedatitidncedoperathigpieasiiresaiKl flow is tea during an end 
portion of the extruding. The non hardenable fluidic material is preferably 
injected below the mandreL da method preferably includes pressurizing a region 

16 of the tubular Hner below the mandrel The region of the tubular liner below the 
mandrel is preferably pressurised to pressures ranging from about 600 to9 t 000psL 
The method preferably Inchide* finidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method farther preferably 
includes curing the hardenable sealing material, and removing at toast a portion 

20 of tha cored sealing material The method ftirther 

preferably mrfades overlapping 

The method Anther preferably indudes sealing the overiap between t^ 

liner and the existing wellbore casing. The method further preferably includes 

supporting the extruded tabular liner using the overlap with the existing wellbore 

26 casing. The method farther preferably includes testing the integrity ofthe seal in 
the overlap between the tabular Hner and the ^H^g wellbore casing. Hie 
method ftirther preferably indudes removing at least a portion fifth* byrrfr mpM a 
fluidic eealingmaterial within the tubular liner before curing. The method further 
preferably includes lubricating the surface ofthe mandrel The method ftirther 

30 preferably Includes absorbing shock. The method ftirther preferably includes 
catching wnmHwO upon tfrft fffflrpigtVro ^f the extruding 



An apparatus for creating a casing in a borehol located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first Quid passage. 
The mandrel is coupled to the support member and inchides a second fluid passage. 
5 The tubular member is coupled to the mandrel The shoe is coupled to the tubular 
liner and includes a third fluid passage. The firsts second and third fluid passages 
arc operabjy coupled. The support member preferably farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. Ito support member preferabty 

adapted to prevent foreign material from enteric 

member. The mandrel is preferably expandable. The tubular member is 

preferably fabricated from materials selected Ixom the gr^ 

Country Tubular Goods, 13 chromium steel tubingfcasing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 paL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably includes a catching member at an md 
portion for slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the Inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 

30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurising of the portion of the interior region of the second 
tubular member is preferably provided at operatingpreasura ranging from about 
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600 to 9,000 psL The pressurising of the portion of the interior region of the 
second tubular member is preferably provided at reduced perating pressures 
during a latter portion of the extruding. The method further preferably includes 
wiling the overlap between the first and lecond tubular members* The method 
5 further preferably includes supporting the extruded first tabular member using 
the overly with the second tubular member. The method farther preferably 
includes lubricating the surface of the mandrel The method farther preferably 
includes absorbing rfj ocfc 

Alinerforuseincreatinganewsectionofwe 

10 formation adjacent to an already existing section of wellbore casing has been 
described that includes an annular member. Tlie annular member includes one or 
mars sealing members at in and portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 

15 annular body of acuredfluidic sealing material, The tubular liner is fijnned by the 
process of extruding the tubular liner off of a mandrel The tubular liner is 
preferably farmed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurising an interior portion of the tubular liner. The 
annular body of the cured fluidk sealing material is preferably formed by the 

20 process of injecting a body of hardened 

region external of the tubular Uner. During the picssiub ring, the interior portion 
of the tabular ifr^ is piyferably fhiididy isolated from m exterior portion of th e 
tubular liner. The interior portion of the tabular liner is preferably pressurised 
to pressures ranging from about 500 to 9,000 pai The tubular liner preferably 

25 overlaps with an existing wellbore casing. Tb* wellbore casing preferably further 
includes a seal porfttoimd fa the overlap between t^fr^i^^ifrand the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the * 
existing wellbore casing. 

A method of repairing an existing section of a weDbore casing within a 

SO borehole has been described that farfnrin rngfalliTig f tabular )jngr and a mandrel 
within the wellbore casing, iqjectinga My «f * i hMfc material **** Knmh^u 
pressurizing a portion of an interior region of the tabular liner, and radially 
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exp an d in g the liner in the borehole by extruding the Hner ffof the mandrel. In 
a preferred embodiment, tl* fluidic material is selected fhnn to 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method farther inc lu des fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tabular finer. In a preferred embodiment, the 
injecting of the bcxfrtf 

rates ranging from about 500 to 9,000 pd and 40 to 3,000 gaUonVmin. In a 
p referred embodiment, the injecting of the body of fluidic material is provided at 
reduced operatmgpressurea an 

10 In a preferred embodiment, the fluidic material is iitfected below to In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurised. In a preferred embodiment, the region of the tabular Knar below the 
mandrel is pressurized to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with the existing wellbore casing. In a preferred embodiment, to method farther 
includes sealing the interface between the tubular liner and the existing 
casing. In a p referred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
emb o diment , the method further inclu de s testing the integrity of the seal in 

20 interface b e tw e en the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method ftirther includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method farther includes expanding the mandrel in a radial direction. 

A tie-hack finer for lining an existing weDbore casing has been descr ib ed 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the proceasoiextradingthetubularliner 
off of a mandreL The annular body of a cured fluidic sealing material is coupled 

30 to the tubular liner. In a preferred embodiment, the tubular hner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment* 
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duringthepressuriring, the interior part^ 

from on exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular linfcr is pgftsairizad at pressures raagmg from about 
500 to 9,000 psL In a pr efer red embodiment, the annular body of acuredfluidic 
5 sealing material is formed by the process of injecting a boc|y of hanlexiablefhixdic 
sealing material into an annular regk^ 

the tubular Ener. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie^back liner 
further includes a seal positioned in the overlap between the tubular liner and the 

10 other existing weHbore cuing. In a preferred embodiment, tubular liner is 
supported by the overlap with 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fhud passage operably coupled 
to the first fhud passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fhxid passage, an interior portion, and an 

20 exterior portion. The interior portionof the shoe is drillable. Preferably, the 
interior portion of the mandrel fr^^des a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tabular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an sjt pans i on co n e . 
Preferably, the expansion «me is fabricated ftommateriab select ed from the group 
consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide rang* of modification, ghaqgag and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding nae of the other features. 
Accordingly, it is appropriate that the appended claim* be construed broadly and 
in a ^nnw consistent with the scope of the invention. 



^ Claim* 

11. A method of creating a ceang in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting flnidic material into the borehole; 

5 pressuriiang a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 
r extruding at least a portion of the liner off of tie mandreL 

12, A method of creating a caring in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing CSSIDgf 

3 c o^rcp^*f*rc^ g» 

4 drilling out a new section of the borehole adjacent to the already existing 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

✓ — ^ 8 overlapping the tubular liner with the already existing casing; 

-<js 9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of theborehole; 

11 fluidicfr isolating the annuls 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 infecting a non hardenable flnidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 
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23 the already existing casing; 

24 removing at least a portion of the haxdenable floidic sealing material from 
26 the interior of the tubular liner; 

26 curing the remaining portion* of the fluidic hardenable lluidic sealing 

27 material; and 

28 removing at leartaportion of the cur^ 

29 within the tub ^* r liner. 



11 
12 
13 



1 3. An apparatus for expanding a tabular member, 

2 a support member, the support member i n dudtng a flat fluid paaaaga; 

3 a mandrel coupled to the support member, mandrel mduding. 

4 a second fluid passage; 

6 a tubular member coupled to the mandrel; and 

6 aahoe coupled to the tubular Ifaer.the aboeindudhvathiidfhn^paaBage; 

7 wherein the first, aecondand third Quid passages are operaMycwna^ 

1 4. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member in clud i ng : 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel mchrdmg a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandr^ 

10 one or more sealing elements; 
a shoe coupled to the tubular member, toe abne metading: 

a fourth fluid passage coupled to the third flutt passage, tbofirarfh 
fluid passage adapted to receive a stop member, and 
u 0 ne or more exhaurt passages com?ledto 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support memb er, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tubular member. 

1 5. A method ofjoiningasecondtu^ 

2 first tabular member having an inner diameter greater than 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing* portion of the interior region of the second tubii^ 

7 and 

8 extruding the secoiuitabuto 

9 with the first tubular member, 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

S one or more sealing members at an end portion of the annular 

4 member; and 

5 one or nrarepres8ore relief passe 

6 member. 

1 7. A weDbora casing; comprising: 

2 a tubular liner , the tubular liner formed by the process of; 

3 extruding the tubular Kner off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular linv 

3 extruding at least a portion of the tubular liner offofa mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 
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An apparatus for expanding a tubular member, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 
an expandable tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable. 
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